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[AN COMPREHENSIVE GAS 
PROCESSOR] 

Background of Invention 

[0001] The reduction of CO emission is one of the greatest concerns in combating the 
catastrophic "global warming" trend. As a result, the world puts much emphasis on 
the exploitation of "clean energy" with less or non-emission for both industrial and 
domestic uses. Natural gas (hereafter abbreviated as "NG"), as compared with coal and 
petroleum, is considered the most economic "clean" fuel that is used on a large, 
industrial scale at present and in the near future. In addition, the discovery of huge 
amount of ocean-bed gas-hydrates increases the recoverable resources of NC 
substantially. It is expected that, in the long run, the global NG consumption may 
eventually exceeds all other fossil fuels. 

[0002] NG is a mixture of hydrocarbon gases, consisting of mainly methane (C ^ ) and a 

smaller fraction of heavier gaseous hydrocarbons (i.e., ethane, C ; propane, C 

2 3 , 

butane, C ^ pentane and higher, C + ; sometimes C + is called "light oil" as a 
whole. However, the economic values of these higher hydrocarbon components, when 

separated and sold as chemical feedstock, are usually much higher than burnt as a 

fuel. A number of NG processing plants, therefore, have been constructed to extract 

these valuable materials. 

[0003] 

The state-of-the-art NG processing plants generally work on a cryogenic process 
for efficiently separating the higher hydrocarbon gases In this process, a huge 

volume of NG is cooled down by expansion to a very low cryogenic temperature 
0 

around -1 50 F. Such a process is extremely energy-consuming, and the facility 
usually comprises many pieces of expensive equipment, notably the molecular-sieve 

dehydrator, the multiple-flow finned-plate heat exchanger, and the turbo expander- 
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compressor. High capital and operational costs are thus resulted. As a consequence, 
only a limited fraction of the NC could be processed before consumed as a fuel. Most 
of the valuable higher hydrocarbon contents was improperly used. 



for example, the 1 3 US patents entitled "hydrocarbon Processing" presented by late 
Roy E. Campbell, et al. f i.e., US patent Nos. 4,140,504; 4,157,904; 4,171,964; 
4,278,457; 4,854,955; 4,869,740; 4,889,545; 5„555,784; 5,568,737; 5,771,712; 
5,881 ,569; 5,983,664; and 6,182,469. However, most of these patents only proposed 
some specific improvements to the same cryogenic process. No substantial break- 
through in NG processing technology has ever been proposed. A more efficient and 
cost-effective technology for NG procession, therefore, is desirable. 

[0005] The recent developments in NG refrigeration dehydration technology, e.g., those 
presented in US patents No. 5,664,426, "Regenerative Gas Dehydrator;" 1997, and No. 
6,158,242, "Gas Dehydration Method and Apparatus," 2000, provided the basis of a 
break-through in the NG processing technology. These patents make possible to 
perform refrigeration dehydration and refrigeration absorption in a single unit. 

[0006] Accordingly, it is an objective of the present invention to provide a comprehensive 
NG processor, based on the refrigeration dehydration and absorption technologies, 
for efficient and cost-effective comprehensive processing of NG. The said processor 
could simultaneously perform the removal of moisture and the recovery of the higher 

hydrocarbons (C + ) in a single piece of equipment, thus substantially reducing the 
capital and operational costs of the NG processing plant. 

[0007] Another objective of the present invention is to provide an energy-saving 

comprehensive NG processor that, when processing high pressure NG, does not need 
external energy for refrigeration. 

[0008] A further objective of the present invention is to provide a high-efficiency free- 
piston expander-compressor to provide the required refrigeration. 



[0004] 



In the past two decades, a number of US patents have been granted in this field, 



Summary of Invention 



[0009] 



With regard to the above and other objectives, the present invention provides a 
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[0013] 



comprehensive NG processor to simultaneously perform refrigeration dehydration and 
refrigeration absorption of higher hydrocarbon gases with maximum recovery rate at 
minimum energy consumption. The final product is a gaseous mixture enriched in 
higher hydrocarbons with minimum residual methane. 

The said apparatus comprises the following major components: an integrated NG 
processor (hereafter abbreviated as "processor) with a refrigeration dehydration 
section (hereafter abbreviated as "dehydrator") and a refrigeration absorption section 
(hereafter abbreviated as "absorber"); a heat-transport medium (hereafter abbreviated 
as "medium") cooler; an absorbent cooler; a fractional distiller; a gas-hydrate inhibitor 
(hereafter abbreviated as "inhibitor") regenerator; and a refrigeration unit. 

The principle of the operations of the comprehensive NG processor follows. The 
inlet moisture-laden NG, flowing upward from the bottom of the dehydrator, is cooled 
down to the desired dewpoint temperature by directly contacting a down-flowing, 
adequately dispersed low-temperature medium stream. The medium is an aqueous 
solution containing an inhibitor. The moisture in the inlet NG is condensed on the 
surface of the medium droplets. The medium, diluted with the condensates, is re- 
concentrated in an inhibitor regenerator and recycled. The dehydrated NG continues 
to flow upward into the absorber wherein the higher hydrocarbon gases are absorbed 
with a down-flowing, adequately dispersed low-temperature absorbent (e.g., heavy 
oil) stream. The light oil-laden absorbent (hereafter abbreviated as "rich oil") then 
enters the fractional distiller wherein the absorbed higher hydrocarbons is separated 
as the final product. The recovered absorbent is cooled in the absorbent cooler and 
recycled to the absorber of the processor. The processed NG, basically free from 
higher hydrocarbons (hereafter abbreviated as "lean NG"), is re-heated and eventually 
delivered to the NG transportation pipeline. The refrigeration unit provides the 
required refrigeration for both medium cooler and absorbent cooler. 

When the pressure of the inlet NG is sufficiently high, the required refrigeration 
could be provided with expanding the dehydrated high pressure NG. In such a "self- 
refrigeration" case, no external energy is required. 

In case of the pressure difference between the inlet NG and the NG transportation 
pipeline is small, a high-efficiency free-piston NG expander-compressor is proposed 
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in the present invention to provide the required self-refrigeration. 

Brief Description of Drawings 

[001 4] The above and other features and advantages of the present ^invention will now be 
further described in the following detailed description section in conjunction with the 
attached drawings in which: 

[001 5] FIG.l illustrates one preferred embodiment of the comprehensive NG processor of 
the present invention wherein a separate industrial refrigeration unit is used to 
provide the required refrigeration. 

□ 

t£S [0016] FIG. 2 illustrates another preferred embodiment of the comprehensive NG 

m processor of the present invention wherein an integrated NG expander-compressor is 

W used to provide the required self-refrigeration. 

^ [001 7] FIG. 3 illustrates the high-efficiency free-piston NG expander-compressor for 
^ providing the required self- refrigeration. 

Detailed Description 

[001 8] FIG.l illustrates one preferred embodiment of the comprehensive NG processor of 
the present invention wherein a separate industrial refrigeration unit is used to 
provide the required refrigeration. 

[001 9] The said apparatus comprises the following major components: a processor 1 

comprising a dehydrator 1 a and an absorber 1 b; a medium cooler 9 comprising a pre- 
cooler 9a and a deep-cooler 9b; an absorbent cooler 25 comprising a pre-cooler 25a 
and a deep-cooler 25b; a fractional distiller 27; an inhibitor regenerator 1 5, and a 
refrigeration unit 90. 



5 s S 



[0020] The inlet NG, laden with moisture and all the higher hydrocarbon components, 

. i.e., C , C , C , and C + , entei 
2 3 4 5 
NG inlet pipeline 2 and flows upward 



,e., C , C , C , and C + , enters the dehydrator 1 a from the bottom via the raw 
2 . 3.. 4 ... 5 

: 2 



[0021] 



A low-temperature medium, containing an inhibitor, enters from the top of the 
dehydrator via the medium inlet pipeline 3. The medium is distributed or dispersed 
with the medium distributor 4 over the whole cross-section of the dehydrator and 
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flows downward. 

[0022] The medium is an aqueous solution of an inhibitor, such as an ionic salt or an 

organic compound. The concentration of the said inhibitor should be sufficient high to 
prevent the formation of gas-hydrates/ice over the entire temperature range of the 
dehydrator operations. 

[0023] The medium is either sprayed as finely divided droplets or is dispersed with a 
packed column to provide extensive contacting surfaces for cooling the up-flowing 
NC. The moisture in the NG condenses on the dispersed medium surfaces and 
dissolves into the inhibitor solution. The slightly diluted medium is eventually 
discharged from the bottom of the dehydrator via the medium discharge pipeline 5. 

[0024] The discharged medium is re-pressurized with the pump 6. A major portion of the 
re-pressurized medium passes through the regulation valve 7 and is sent to the 
primary side of the pre-cooling section 9a of the medium cooler 9 via the medium 
transfer pipeline 8. 

[0025] A small fraction of the re-pressured medium is diverted via the effluent transfer 
pipelinel 4 into the inhibitor regenerator 1 5 wherein the diluted inhibitor solution is 
re-concentrated. The highly concentrate inhibitor solution is sent via the inhibitor 
recycle pipeline 16 and mixes with the medium flowing in the medium transfer 
pipeline 8. The wastewater separated in the regenerator is discharged via the 
wastewater discharge pipelinel 7. 

[0026] In the medium cooler, the medium is first pre-cooled with the cold lean NG reflux 
coming from the integrated NG processor via the lean NG outlet pipeline 23. The re- 
heated lean NG is delivered via the lean NG delivery pipeline 1 1 to the NG 
transportation pipeline (not shown). 

[0027] jh e pre-cooled medium continues to flow upward into the primary side of the 
deep-cooler 9b wherein it is deep-cooled to the required low-temperature with the 
refrigerant (or brine) provided with the industrial refrigerator 90. The refrigerant 
enters the secondary side of the deep-cooler via the refrigerant inlet pipeline 12 and 
leaves via the refrigerant outlet pipeline 1 3. The deep-cooled medium is recycled into 
the dehydrator via the medium inlet pipeline 3. The makeup medium is introduced via 
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the medium makeup pipeline 10. 

In case the concentration of the higher hydrocarbons in NC is so high that the 
light oil gas partially condenses into liquid in the dehydrator la. The mixed 
condensates of water in the medium and light oil is collected at the bottom of the 
dehydrator. The light oil layer flowing over the liquid medium is discharged via the 
light oil outlet 1 8 as a part of the final product. 

Now return to the absorber 1 b of the integrated NC processor. The dewpoint of 
the dehydrated NG when leaving from the top of the dehydrator is close to the 
entrance temperature of the deep-cooled medium. The cold dehydrated NG enters the 
absorber from the bottom, and flows upward through a series of bypass pipes 1 9 in 
the enriched oil collector 1 9a. The up-flowing dehydrated NG comes into contact with 
the down-flowing cold absorbent running through a packed column 20. A steam of 
the deep-cooled absorbent enters from the top of the absorber via the absorbent inlet 
pipeline 21 . The absorbent is distributed by the absorbent distributor 22. The 
temperature of the absorbent at the top of the absorber is kept slightly about the 
dewpoint of the dehydrated NG to avoid gas-hydrate formation. 

With such a counter-extraction process in the absorber, the recovery rates of the 
light oil gases (C ^ + ) are very high. A reasonable fraction of ethane (C ) is also 
recovered. At the same time, the absorption rate of methane is relatively low. As 
mentioned above, the lean NG leaves the top of the absorber via the lean NG outlet 
pipeline 23, and enters the secondary side of the pre-cooler 9a of the medium cooler 
9. 

The rich oil flows out from the absorber lb via the rich oil outlet pipeline 24 and 
enters the secondary side of the pre-cooler 25a. The rich oil absorbs heat from the 
recycling absorbent flowing in the primary side of the pre-cooler. The rich oil leaves 
the pre-cooler via the rich oil transfer pipeline 26 and enter the fractional distiller 27 
wherein the final product, a gaseous mixture enriched in higher hydrocarbons, is 
separated from the absorbent. The separated higher hydrocarbons gas mixture is 
delivered via the product outlet pipeline 28 to a refiner (not shown) . 

The energy required for the fractional distillation process is provided with a 
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heating medium entering the distiller via the heat medium inlet pipeline 29 and 
leaving by the heat medium outlet pipeline 30. 

The recovered absorbent, leaving the fractional distiller via the absorbent outlet 
pipeline 31 , is re-pressurized with a pump 32. The absorbent enters the primary side 
of the absorbent cooler 25 via the absorbent recycle pipeline 310. 

The recycled absorbent flows upward through the primary side of the absorbent 
cooler 25. It is first pre-cooled with the cold rich oil flowing in the secondary side of 
the pre-cooler 25a, and then deep-cooled with the refrigerant flowing in the 
secondary side of the deep-cooler 25b. The refrigerant enters the secondary side of 
the absorbent deep-cooling section via the refrigerant inlet pipeline 33 and leaves via 
the outlet pipeline 34. The refrigerant is provided with the industrial refrigerator 30. 

FIC.2 illustrates another preferred embodiment of the comprehensive NG 
processor of the present invention, in which an integrated NG expander-compressor 
is used to provide the required "self-refrigeration". The said embodiment is applicable 
when the pressure of the lean NG is sufficiently higher than the NG pressure required 
in the NG transport pipeline. The lean NG may be expanded in three different kinds of 
gas expansion devices. 

According to the magnitudes of the pressure difference between inlet NG and the 
dehydrated NG transportation pipeline, there are three options for the NG expansion 
devices. (1) When the said pressure difference is quite large, a simple expansion valve 
could be used to expand the inlet NG to a pressure above or equal to the 
transportation pipeline pressure and obtain the desired low temperature for 
refrigeration. In this case, the de-pressurized NG needs no re-compression. (2) When 
the said pressure difference is moderately high, the inlet NG has to be expanded 
below the transportation pipeline pressure to obtain the desired low temperature for 
refrigeration. A portion of the expansion energy needs to be recovered for re- 
compression the de-pressurized NG. In this case, a turbo expander-compressor is 
preferred. (3) When the said pressure difference is rather small, but still relevant, the 
expansion energy must be recovered to the maximum extent for NG re-compression. 
In this case, the high efficiency free-piston expander-compressor, as described in the 
following FIG. 3, is recommended. 
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It should be noted, for both cases (2) and (3), an external powered NG compressor 
may also be incorporated, as appropriate, for re-compressing the de-pressurized NG 
to the required pressure of the NG transport pipeline. 

Return to FIG 2 wherein a turbo NG expander-compressor as mentioned in the 
case (2) is illustrated as an example. 

Because most components of the comprehensive NG processor in FIG 2 are 
identical to those in FIG. 1 , they are labeled with the same numbers in FIG. 2. Only the 
dissimilar components of the self-refrigeration unit are labeled with different 
numbers and will be described in details below. These dissimilar components include 
the turbo expander 35a and compressor 35b, the medium cooler 41 , and the filter 38. 

The lean NG, left the absorber 1 b via the lean NG outlet pipeline 23 and mixed 
with the inhibitor introduced via the inhibitor injection pipeline 36, enters the turbo 
expander 35a and is expanded. Gas expansion causes the NG temperature sharply 
dropped to the required low temperature. A small amount of the residual moisture is 
condensed into tinny liquid droplets entrained in the chilly lean NG. The chilly lean NG 
enters the filter 38 via the de-pressurized NG transfer pipeline 37. The liquid droplets 
are separated as an effluent, and the latter is discharged into the inhibitor regenerator 
1 5 via the effluent pipeline 39. The dried chilly lean NG enters the secondary side of 
the medium cooler 41 via the chilly lean NG inlet pipeline 40. The chilly lean NG 
absorbs the heat from the recycled medium and flows into the compressor 35b via the 
de-pressurized NG return pipeline 42. A portion of the chilly NG is diverted via the 
bypass valve 44 and bypass pipeline 33 to the absorbent cooler 25, and returns via 
the bypass return pipeline 34. The lean NG is then re-compressed to the required 
pressure and delivered via the lean NG delivery pipeline 43 to the NG transportation 
pipeline (not shown). 

As described above, the system in FIG. 2 does not require any external energy to 
provide the self-refrigeration. 

Having described the features and the advantages of the various embodiments of 
the present invention as a comprehensive NG processing apparatus, it should be 
pointed out that the dehydration section with its accessories could also be operated 
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independently as a pure NC dehydrator, without incorporating the absorption section 
and its accessories. 

FIG. 3 illustrates the high-efficiency free-piston NG expander-compressor for self- 
refrigeration. 

The light alloy body 45 of the said free piston expander-compressor comprises 
two cylinders with different diameters. The smaller cylinder 46 is the expander, and 
the larger cylinder 47 the compressor. Two free pistons, 48 and 49, are rigidly 
connected with a short hollow shaft 50 to form a single integrated moving part. Since 
the latter is a compact, light-weighted component, very high frequency operation and 
high mechanical efficiency are feasible. For a high-pressure NG, the size of such a 
free piston machine is relatively small. For example, for an apparatus processing 

500,000 m 3 STP per day, under an initial pressure of 1 0 MPA and an exit pressure of 
5 MPA, the maximum diameter of the free piston expander-compressor will be in the 

order of 1 2 cm when working at 4,000 strokes per minute. 

In FIG 3, the NG inlet pipelines 51 and 52 and the outlet pipelines 53 and 54 of 
the expander, as well as the inlet pipelines 55 and 56 and the outlet pipelines 57 and 
58 of the compressor are connected to the relevant cylinders as illustrated. The 
associated valves controlling these inlet pipelines and outlet pipelines are similar to 
those used in modern high-speed internal combustion engine. These valves are not 
shown in FIG. 3. 

In case that the pressure difference between the inlet NG and the outlet NG to the 
pipeline is too small so that additional external compressing energy is required, a 
viable option is to connect the said free piston with extending the shaft 59, as shown 
by the dotted line, to a conventional reciprocating piston-type gas engine, not shown 
in FIG 3. 

In summary, the present invention is related to an apparatus for efficient and 
cost-effective comprehensive processing of NG, including the removal of moisture 

and the recovery of the higher hydrocarbons (C + ), in a single integrated 
processing unit. The present invention provides a low-cost comprehensive NG 

processor that is universally applicable to both terrestrial and off-shore NG 
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exploitation. 

[0048] Having describes the present invention and preferable embodiments thereof, it 

will be recognized that numerous variations, substitutions and additions may be made 
to the present invention by those ordinary skills without departing from the spirit and 
scope of the appended claims. 
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